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EXPOSING HYDROLOGIC DATABASES USING WEB SERVICES 
 
 
Jonathan Goodall1, David Valentine2, and David Maidment3 
 
ABSTRACT 
 
Historical and real-time hydrologic time series data including streamflow, water quality, 
precipitation, and groundwater level observations are maintained by different federal, 
state, and local agencies.  Taken together, these observations aid scientists in their pursuit 
to understand the movement of water through natural landscapes and policy makers in 
their management of water resources.  Although these databases are available over the 
Internet free of charge, it remains difficult to quickly access and fuse the information 
together into a consistent and integrated spatiotemporal framework.  The hydrologic 
community, through the Consortium of Universities for the Advancement of Hydrologic 
Science, Inc. (CUAHSI), is addressing these data interoperability issues with the 
development of a Hydrologic Information System (HIS).  One of the primary purposes of 
this information system is to improve the way hydrologists access and integrate the data 
required to parameterize and calibrate simulation models.  As a case study toward this 
end goal we present a water quality model for the Neuse River Basin that leverages web 
services for access to federal databases.  Our study highlights the advantages of the 
current HIS system and suggests improvements for future versions of the system. 
 
1. PROBLEM STATEMENT 
 
The hydrology community has the advantage of federally funded observational systems 
that have produced rich databases describing fluxes of water and its constituents.  The 
USGS National Water Information System (NWIS), a historical and real-time database of 
streamflow, water quality, and groundwater level observations over the past 100 years 
and the EPA STOrage and RETrieval (STORET) database, a historical database of water 
quality observations collected by states and organized by the EPA, are two examples of 
such databases.  Taken together, these data resources aid hydrologists in the formulation 
and testing of hypothesis through the calibration and validation of simulation models.  
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Although these hydrologic databases are available over the Internet free of charge, 
it remains difficult to quickly access and integrate the information when data is required 
from multiple data sources. We see two primary reasons for this: 1) inconsistencies in 
data models and formats among federal agencies that hinder interoperability and 2) a lack 
of consistent machine-readable interfaces for the federal databases.  Some researchers 
have addressed this second issue by developing “screen scraping” routines (Stein, 2002) 
where the logic for constructing URLs and parsing the returned webpage are coded into 
an application.  The problem with this technique is that it is dependent on agencies not 
altering their website structure; even simple changes to this structure could break 
dependent applications.  The primary objective of these web interfaces is to serve human 
users and not programmatic access, so there is no guarantee that the website’s format will 
remain static.  
 
2. CUAHSI WEB SERVICES 
 
The hydrologic community is working to address issues of hydrologic data access and 
interoperability through the Consortium of Universities for the Advancement of 
Hydrologic Science, Inc. (CUAHSI) Hydrologic Information System (HIS) effort.  A 
primary focus of this effort has been the development of web services for exposing 
hydrologic observation databases.  Web services consist of Internet protocols, such as the 
Simple Object Access Protocol (SOAP), for machine-to-machine communication 
(Curbera, et al., 2002).  Because all communication between clients and servers is 
encoded in the eXensible Markup Language (XML), web services are interoperable 
between operating systems and programming languages.  For the hydrologic community, 
which is heterogeneous in terms of preferred programming languages and analysis 
environments (Bandaragoda, et al., 2006), web services offer an open platform for 
communication of hydrologic data.   
The current set of prototype CUAHSI HIS web services have been termed 
WaterOneFlow because the end goal of the services is to create a seamless interface 
through which researchers can gain access to hydrologic data from disparate data 
providers.  The services act as middleware between data providers (e.g. USGS, EPA, 
NCDC) and data consumers (e.g. models, analysis packages, visualization software).  
They also comply with industry standards (e.g. SOAP, WSDL), while at the same time 
making make these generic protocols more hydrology-specific and meaningful.  To 
modelers and programmers, WaterOneFlow can be thought of as an Application 
Programming Interface (API) for querying and requesting time series data from remote 
databases.  The API provides a modeler with a consistent and simple method for 
retrieving time series data.  The approach in developing the WaterOneFlow web services 
has not been to completely describe each data resource, but instead to expose a common 
set of time series data elements across data providers to facilitate interoperability.  
Further information regarding the WaterOneFlow standards, along with a current list of 
available data sources, can be found on the CUAHSI HIS web site 
(http://www.cuahsi.org/his).     
One of the databases we have exposed is the USGS National Water Information 
System (NWIS).  With the current WaterOneFlow design, a user can request  a list of 
sites within the database using the getSites method (Figure 1).  The getSites method 
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returns the geographic location and a list of the variables recorded at each site. A user can 
also request a time series for any of the sites within the database using the getValues 
method.  The parameters of this method are a unique identifier for a site, a unique 
identifier for the variable, and a time period of interest.   Standardization of the structure 
of these web services across data providers makes it easier to build software or models 
that consumes data from heterogeneous sources, for example the USGS and the EPA. 
 
3. APPLICATION OF THE WEB SERVICES FOR WATER QUALITY 
MODELING  
 
To demonstrate the use of the CUAHSI web services for modeling, we have modified a 
water quality model implemented for the Neuse River Basin.  The modeling approach is 
based on the USGS SPARROW (Spatially Referenced Regression on Watershed 
Attributes) model that statistically relates watershed characteristics to observed nitrogen 
loadings (Smith, et al., 1997).  Qian et al. (2005) provided an alternative to the original 
SPARROW implementation that applies a Bayesian method for fitting the model using 
observational data.  It is this version of the SPARROW model we are applying here.   
 
 
 
Figure 1 Web Services for the National Water Information System. 
 
SPARROW has typically only been used to predict long term conditions and not 
changes through time, in part because of the data requirements to represent temporal 
dynamics within a river basin system (Schwarz, et al., 2006).  The monitoring data for 
this study, for example, is a combination of USGS and EPA data stored in the National 
Water Information System (NWIS) and STORET databases, respectively (Figure 2).  
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Simply accessing, integrating, and summarizing these datasets for input into a 
SPARROW model can be a time consuming process.  For example, the SPARROW 
model performs the regression on total nitrogen loadings, however this is a derived 
quantity calculated from observations of organic nitrogen, inorganic nitrogen, and flow.  
The difficultly is not just in accessing and integrating these raw datasets, it is also in 
appropriately handling data misalignments in space and time, especially when 
observations are measured by different agencies.  For example, starting in 1993 there are 
observations of total nitrogen concentration in the EPA STORET database without 
corresponding observations of streamflow.  However, each of the stations with total 
nitrogen observations have a nearby USGS streamflow stations measuring streamflow 
that could be used along with the EPA nitrogen concentration data to calculate nitrogen 
loadings.   
To implement a dynamic SPARROW model for the Neuse, we utilized the 
CUAHSI HIS web services for automated data retrieval and the CUAHSI Observations 
Database schema (Horsburgh, et al., 2005) for data storage.  The web services allow 
programmatic access to the federal data providers as well as a consistent schema among 
the data providers.  Data retrieved by the web services are then stored locally in an 
Observation Databases for the Neuse River Basin implemented within SQL Server 2005.  
Once the data is stored locally, we created a SQL stored procedures to align the 
observations in space and time and calculate total nitrogen loadings.  The SQL stored 
procedure results in a new table view in the format required as input by the SPARROW 
model.   
 
 
 Figure 2 Neuse River Basin geospatial and temporal data fro SPARROW model. 
 
To abstract this procedure into a more generic procedure for modeling using the 
CUAHSI Hydrologic Information system (Figure 3), the first step would be to use the 
web services to populate a local database with relevant data from federal data providers.  
Then, custom SQL stored procedures would be written by the modeler to generate the 
necessary input files or views for the model from the raw observations.  It is important to 
note that views of a database are derived “on-the-fly” from the raw observations stored 
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within the database. This is important because there is often disagreement regarding how 
derived products should be calculated.  Limiting the database to storing raw data and 
calculating derived products for particular application as views of the database is one 
approach for accommodating multiple derived products without overwhelming data 
storage and management resources. 
To make the SPARROW model dynamic, we used the database to generate four 
different input files for the model: 1970-1975, 1978-1980, 1985-1990, and 1990-1995.  
Then for each time step, we used the previous time step’s parameter distributions as a 
prior estimate and along with the observational records from that time period, derived 
posterior distributions of the model parameters.  The changes in the distribution of the 
model parameters through time provide information on the relative contribution and 
decay of nitrogen through the watershed environment over time.  For example, the α 
parameter is the first-order decay coefficient describing the loss of nitrogen from the 
watershed to the stream network (Figure 4).  The decrease in α through time indicates 
that a greater percentage of the watershed nitrogen sources are reaching the stream 
network over the twenty five year period of analysis. 
 
 
 
Figure 3 Data flow for coupling the CUAHSI HIS and the Neuse SPARROW model. 
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Figure 4  The distribution of the model parameter alpha through time.  The parameter is a 
first-order decay coefficient for the transport of nitrogen from the watershed to the stream 
channel.   
 
4. DISCUSSION 
 
Our analysis raised a new question regarding nitrogen transport through the watershed 
system: what is the relative importance of the model parameter distributions from the 
previous time period as compared to the observations made during the current time in 
predicting current conditions?  In other words, how dynamic is the system so that new 
observations would constitute major shifts in the parameter distributions from one time 
period to the next?   We intend to investigate this question in future applications of the 
model.  We also believe that incorporating changes in land use and point source pollution 
discharges through time is critical to properly interpret the model outputs.  Despite 
calculating a decrease in the decay coefficient for overland transport of nitrogen, it is 
difficult to hypothesize about the cause for this change without incorporating changes in 
land use type, in particular urbanization, over the period of analysis. Hence, our next step 
in the model development will be to include estimations of land use change within the 
river basin through the classification of remote sensing images.   
From an informatics standpoint, a critical question is how the CUAHSI HIS 
system of web services and databases should best be utilized to enhance watershed 
modeling.  The approach used here is that the web services are used to create a local 
database of observational information and that is subsequently used to create input files 
for the water quality model.  This intermediate database proved necessary to fully 
integrate the data coming from different federal agencies, but we believe that a better 
long term solution would be for web services to directly feed watershed models with the 
necessary input datasets by implementing the space-time alignment procedures as web 
services themselves. This would remove the need for scientists to create and maintain 
databases needed to handle basic data matching issues to integrate data across data 
sources.  Further work is needed to create a system capable of integrating web services 
from different agencies “on-the-fly” to remove the burden of local data manipulation and 
fully realize the potential of web services. 
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5. CONCLUSIONS 
 
In the end, this research is about establishing standards for the communication of 
hydrologic data so that scientists can more easily integrate data from disparate data 
sources.  There is no doubt that increased interoperability and ease of access made 
possible with web services will help speed progress in the management of water 
resources as well as hydrologic understanding, but the primary unresolved question is 
whether the nature of our community’s data is simply too heterogeneous to conform to a 
set of generic standards.  It is admittedly not a simple task to integrate the country’s water 
data, however we believe that by first focusing on a small, well defined set of hydrologic 
data (i.e. observational time series), we can demonstrate the advantages of 
standardization and the need for the community to move towards establishing and 
following standards for other water related datasets.  
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